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     Abstract: 14 
The mineral lomonosovite has been studied using a combination of scanning electron 15 
microscopy with energy dispersive X-ray analysis and vibrational spectroscopy.  Qualitative 16 
chemical analysis gave Si, P, Na and Ti as the as major elements with small amounts of Mn, 17 
Ca, Fe and Al.  The mineral lomonosovite has a formula Na5Ti2(Si2O7)(PO4)O2.  Raman 18 
bands observed at 909, 925 and 939 cm-1 are associated with phosphate units. Raman bands 19 
found at 975, 999, 1070, 1080 and 1084 cm-1 are attributed to siloxane stretching vibrations.  20 
The observation of multiple bands in both the phosphate stretching and bending regions 21 
supports the concept that the symmetry of the phosphate anion in the structure of 22 
lomonosovite is significantly reduced.  Infrared spectroscopy identifies bands in the water 23 
stretching and bending regions, thus suggesting that water is involved with the structure of 24 
lomonosovite either through adsorption on the surface or by bonding to the phosphate units.  25 
 26 
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Introduction 30 
 31 
Lomonosovite is rare multi-anion mineral. The general chemical formula can be written as 32 
Na5Ti2(Si2O7)(PO4)O2 [1]. In a previous study, lomonosovite was considered as a member 33 
of the homonymous group, including murmanite, epistolite, innelite, vuonnemite, β-34 
lomonosovite, quadruphite, polyphite and sobolevite [2]. These minerals show structure 35 
similarity with seidozerite building blocks and sandwiches made by a central brucite layer 36 
and two identical nets of associated [TiO6] octahedra and [Si2O7] groups with Na atoms in 37 
the net voids. This kind of blocks is parallel to the ab planes in all minerals of the group [2]. 38 
In a recent study published by Cámara et al. [3], the murmanite group was dismembered from 39 
the lomonosovite group.  40 
 41 
Lomonosovite was first described in the Lovozero alkaline complex, Kola Peninsula, Russia. 42 
The mineral as triclinic system, space group P1/ and with unit cell parameters give as: a = 43 
5.49Å, b = 7.11Å, c = 14.5Å, α = 101°, β = 96°, γ = 90° [1]. 44 
The lomonosovite is product of low-temperature hydrothermal activity, occurring in syenite 45 
pegmatites [1], and occurs in association with a complex paragenesis [1, 4-6] 46 
 47 
The aim of this paper is to report the Raman spectra of well-defined natural hydrated silicate-48 
phosphate minerals, lomonosovite, and to relate the spectra to this molecular and the crystal 49 
structure. The paper follows the systematic research of the large group of oxyanion 50 
containing minerals, and especially their molecular structure using IR and Raman 51 
spectroscopy. 52 
 53 
EXPERIMENTAL 54 
Samples description and preparation 55 
The lomonosovite sample studied in this work forms part of the collection of the Geology 56 
Department of the Federal University of Ouro Preto, Minas Gerais, Brazil, with sample code 57 
SAC-090.  The sample is from the Kirovskii apatite mine, Kukisvumchorr Mt, Khibiny 58 
Massif, Kola Peninsula, Russia [7]. 59 
 60 
The Kola Peninsula is the northeastern segment of the Precambrian Baltic Shield, and is 61 
characterized by complicated block structures, which were reactivated during several tectono-62 
magmatic episodes. During the Devonian, numerous ultramafic, alkaline and carbonatitic 63 
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intrusions were emplaced over an area of more than 100,000 km2 which extends from eastern 64 
Finland to the eastern Kola Peninsula, and comprise the Kola Alkaline Province (KAP).These 65 
various ultramafic and alkaline silicate rocks found in Kovdor are considered to have been 66 
formed from several batches of a carbonated olivine melanephelinite parental magma by a 67 
mechanism involving fractional crystallization, magma mixing and/or contamination [8]. 68 
 69 
The Khibiny massif was emplaced during the Devonian (Kramm and Sindern 2004) [9] 70 
simultaneously with the subsidence of the NE-SW trending Khibiny-Kontozero-Graben and 71 
is the largest agpaitic, nepheline syenite body in the Kola Alkaline Province. In general, 72 
Khibiny consists of a variety of nepheline syenites (khibinite, rischorrite, lujavrite and 73 
foyaite), foidalites (ijolite and urtite) and minor alkali syenite plus a small carbonatite stock 74 
[10]. 75 
 76 
The lomonosovite sample studied occurs in association with aegirina and lamprophyllite. The 77 
sample was gently crushed and the associated minerals were removed under a 78 
stereomicroscope Leica MZ4. The lomonosovite studied in this work occurs in association 79 
with siderite. Scanning electron microscopy (SEM) in the Energy Dispersive Spectroscopy 80 
(EDS) mode was applied to support the mineral characterization. 81 
 82 
Scanning electron microscopy (SEM) 83 
Experiments and analyses involving electron microscopy were performed. Lomonosovite 84 
cleavage fragment was coated with a 5nm layer of evaporated carbon. Secondary Electron 85 
and Backscattering Electron images were obtained using a JEOL JSM-6360LV equipment. 86 
Qualitative and semi-quantitative chemical analyses in the EDS mode were performed with a 87 
ThermoNORAN spectrometer model Quest and were applied to support the mineral 88 
characterization. 89 
 90 
Raman spectroscopy 91 
The crystals of lomonosovite were placed and oriented on the stage of an Olympus BHSM 92 
microscope, equipped with 10x and 50x objectives and part of a Renishaw 1000 Raman 93 
microscope system, which also includes a monochromator, a filter system and a Charge 94 
Coupled Device (CCD). Raman spectra were excited by a HeNe laser (633 nm) at a nominal 95 
resolution of 2 cm-1 in the range between 100 and 4000 cm-1.  The spatial resolution of the 96 
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instrument is 1 µm. Thus, if crystals are less than this value, a mixture of crystals will be 97 
measured. However, the crystals of lomonosovite used in this experiment were > 1.1 µm.   98 
 99 
Infrared spectroscopy 100 
Infrared spectra of analcime were obtained using a Nicolet Nexus 870 FTIR spectrometer 101 
with a smart endurance single bounce diamond ATR cell. By using this technique, the sample 102 
may be preserved. Spectra over the 4000−525 cm-1 range were obtained by the co-addition of 103 
128 scans with a resolution of 4 cm-1 and a mirror velocity of 0.6329 cm/s. Spectra were co-104 
added to improve the signal to noise ratio. 105 
Spectral manipulation such as baseline adjustment, smoothing and normalisation were 106 
performed using the Spectracalc software package GRAMS (Galactic Industries Corporation, 107 
NH, USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software 108 
package which enabled the type of fitting function to be selected and allows specific 109 
parameters to be fixed or varied accordingly. Band fitting was done using a Lorentz-Gauss 110 
cross-product function with the minimum number of component bands used for the fitting 111 
process. The Gauss-Lorentz ratio was maintained at values greater than 0.7 and fitting was 112 
undertaken until reproducible results were obtained with squared correlations of r2 greater 113 
than 0.995.  114 
 115 
RESULTS AND DISCUSSION 116 
Chemical characterization 117 
The SEM image of lomonosovite sample studied in this work is shown in Figure 1. The 118 
sample corresponds to a cleavage fragment up to 1.0 mm. The SEM image shows a 119 
homogeneous phase. Qualitative chemical analysis gave Si, P, Na and Ti as the as major 120 
elements. Small amounts of Mn, Ca, Fe and Al were also observed (Figure 2).  121 
 122 
Vibrational spectroscopy of lomonosovite 123 
The Raman spectrum of lomonosovite in the 100 to 4000 cm-1 spectral range is displayed in 124 
Figure 3a. This spectrum shows the position and relative intensities of the Raman bands. It is 125 
noted that there are large parts of the spectrum where no intensity or minimal intensity is 126 
observed. Thus, the spectrum is subdivided into subsections depending upon the type of 127 
vibration being studied. The infrared spectrum of lomonosovite in the 500 to 4000 cm-1 128 
spectral region is shown in Figure 3b. This figure shows the position of the infrared bands 129 
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and their relative intensities. This spectrum displays the position and relative intensities of the 130 
infrared bands. As for the Raman spectrum, there are parts of the spectrum where little or no 131 
intensity is observed. It is noted that in the Raman spectrum, no intensity in the OH stretching 132 
region was observed, however considerable intensity is found in the infrared spectrum over 133 
the OH spectral region.  134 
 135 
The Raman spectrum of lomonosovite in the 750 to 1150 cm-1 spectral range is reported in 136 
Figure 4a.  The mineral lomonosovite Na5Ti2(Si2O7)(PO4)O2 from a chemistry point of view 137 
has complex chemistry. The mineral is a sodium titanium silicate with phosphate units. 138 
Intense Raman bands are observed at 909, 925 and 939 cm-1. These bands are associated with 139 
the phosphate units. The band at 939 cm-1 is assigned to the PO43- symmetric stretching mode 140 
and the bands at 909 and 925 cm-1 are attributed to the HOPO32- symmetric stretching 141 
vibration.  Raman bands are observed at 1070, 1080 and 1084 cm-1.  These bands are 142 
assigned to SiO antisymmetric stretching vibrations. The Raman bands at 975 and 999 cm-1 143 
may be assigned to the SiO symmetric stretching vibrations.  Dowty showed that the -SiO3 144 
units had a unique band position of around 980 cm-1 [11]. Dowty also showed that Si2O5 145 
units had a Raman peak at around 1100 cm-1.  The infrared spectrum of lomonosovite over 146 
the 650 to 1150 cm-1 spectral range is reported in Figure 4b.  This infrared spectrum is 147 
complex with many overlapping bands. Any attempt to assign these bands is fraught with 148 
danger. What this work shows is how powerful Raman spectroscopy in the study of minerals 149 
such as lomonosovite.  Raman spectroscopy offers greater band separation. The infrared 150 
bands resolved at 917, 945, 957, 977 and 998 cm-1 may be associated with phosphate 151 
stretching vibrations.  The infrared bands at 1035, 1067 and 1100 cm-1 are assigned to 152 
siloxane stretching vibrations.  153 
 154 
The Raman spectra of lomonosovite in the 250 to 550 cm-1 and 100 to 250 cm-1 spectral 155 
range are displayed in Figures 5a and 5b.  The Raman bands at 499, 509 and 534 cm-1 are 156 
assigned to the PO43- ν4 bending modes.  The series of Raman bands at 408, 427, 440 and 157 
457 cm-1 are assigned to the PO43- ν2 bending modes.  The observation of multiple bands in 158 
both the phosphate stretching and bending regions supports the concept that the symmetry of 159 
the phosphate anion in the structure of lomonosovite is severely reduced. Raman bands at 160 
272, 284, 302, 319, 351 and 368 cm-1 are thought to be related to metal oxygen (TiO) 161 
stretching vibrations.  Raman bands in the 100 to 250 cm-1 spectral range are considered to be 162 
external vibrations.  163 
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 164 
It is interesting that the formula of lomonosovite contains no water or hydroxyl groups, yet a 165 
spectrum as illustrated in Figure 6a, shows intensity over the 2900 to 3800 cm-1 spectral 166 
range.  A broad spectral profile is observed in this spectrum with resolved infrared bands at 167 
3189, 3373, 3486 and 3590 cm-1. These bands are attributed to water stretching vibrations. 168 
The water may simply be adsorbed on the surface of the lomonosovite or may be bonded to 169 
the phosphate units in the structure of lomonosovite.  Further evidence for the involvement of 170 
water on the surfaces of lomonosovite is confirmed by the infrared spectrum over the 1300 to 171 
1800 cm-1 spectral range as reported in Figure 6b.  Infrared bands are observed at 1591, 1616 172 
and 1671 cm-1. These bands are assigned to the water bending modes. The observation of 173 
three bands implies that water exists in different molecular environments with differing 174 
hydrogen bond strengths.  175 
 176 
Conclusions 177 
Lomonosovite is rare multi-anion mineral of formula Na5Ti2(Si2O7)(PO4)O2. The mineral 178 
contains both phosphate and siloxane units and the Raman and infrared spectroscopy reflects 179 
the presence of these units. The SEM image shows a homogeneous phase. Qualitative 180 
chemical analysis gave Si, P, Na and Ti as the as major elements. 181 
 182 
Raman bands observed at 909, 925 and 939 cm-1 are associated with different types of 183 
phosphate units. Raman bands observed at 1070, 1080 and 1084 cm-1 are assigned to SiO 184 
antisymmetric stretching vibrations. Raman bands at 975 and 999 cm-1 are assigned to the 185 
SiO symmetric stretching vibrations.  The series of Raman bands at 408, 427, 440 and 457 186 
cm-1 are assigned to the PO43- ν2 bending modes.   The Raman bands at 499, 509 and 534 cm-187 
1 are assigned to the PO43- ν4 bending modes. Infrared bands which are attributable to water 188 
stretching and bending vibrational modes supports the concept that water is involved in the 189 
structure of lomonosovite. 190 
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Figure 1 - Backscattered electron image (BSI) of a lomonosovite single crystal up to 1.0 250 
mm in length.  251 
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Figure 2 - EDS analysis of lomonosovite. 257 
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Figure 3a Raman spectrum of lomonosovite (upper spectrum) and Figure 
3b infrared spectrum of lomonosovite (lower spectrum) 
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Figure 4a Raman spectrum of lomonosovite (upper spectrum) in the 750 to 1150  cm-1 
spectral range and Figure 4b infrared spectrum of lomonosovite (lower spectrum) in the 
650 to 1150  cm-1 spectral range 
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Figure 5a Raman spectrum of lomonosovite (upper spectrum) in the 250 to 550  cm-1 
spectral range and Figure 5b Raman spectrum of lomonosovite (lower spectrum) in the 
100 to 250  cm-1 spectral range 
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Figure 6a Infrared spectrum of lomonosovite (upper spectrum) in the 2900 to 
3800  cm-1 spectral range and Figure 6b Infrared spectrum of lomonosovite 
(lower spectrum) in the 1300 to 1800  cm-1 spectral range 
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